r ~..-rn ^PROOFING C™"™"™" ™» METHOD 

This appUcation is a division! of co-pending Serial No. 10/305,99, filed 
November 27, 2002, which is a contmuation-in-par, of co-pending application Serial No. 
10/044,547 filed January 11, 2002, which is a continuation-in-part of PCT/1B0 1/0 1604 
filed September 3, 2001, the disclosures of which are incorporated herein by reference. 

g >f vr-POIIND OF THF INVENTION 

In the course of erecting steel structures, a thick coating of inorganic material is 
.commonly applied to the metallic structural elements to achieve a number of objectives 
including fire retardation, improved appearance and sound deadening. While several 
types of formulations have been applied for these purposes over the years by means of a 
variety of techniques, the most successful system so far consists in spraying onto the steel 
surfaces settable aqueous mixes composed essentially of calcined gypsum, a lightweight 
inorganic aggregate material such as exfoliated vermiculite or shredded expattded 
poiystyrene to lower the density of the mix, a mixture of fibrous materials such as a high 
wet bulking cellulose fiber and g.ass fiber, and an air entraining agent to render the wet 
mixture pumpahle. A composition of this type is described by Bragg in U.S. Pat. No, 
3,719,573 and 3,839,059, along with the most desirable application technique, i. e„ 
pumping the aqueous mix and spraying it directly onto the steel in one layer. Such 
shuries are generally prepaid at ground level and ate pumped to the point of application, 
where they are spray-applied to the substrate. Often the point of application exceeds 20 
„ t 30 stories where high rise constroction is involved. Accordingly, pumpability of fine 
shuries is an important criterion in their formulation and preparation. The slurries must 
be able to hold the large quantity of water mat renders them capable of being pumped 
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easfiy ana «o grea. heigh., ye. .hey must r«ain a consist, sufficient .0 prevent 
^egafion 0. sertfing of ingredient and pemri. adequate V^ld or cove ra ge of the 

ta .he slurried state dnring app.ica.ion, and in the dried 0, "set" state after application, .n 

formation of cracks .ha. wouid seriously de,e, from me htsulafive vaiue of the dry 
coating. 

to to convention* proeess, freproofng mixes are transported ,0 the application 
sitt as dry mixtures and in a mixer an appropriate amount of water is added to fom, the 
pumpable siurry. The siurry is pumped from temporary holding equipment .0 the pom. 
of application. Where the components are pumped over distances, premature se,-up can 
occur prior to reaching the final des.ina.ion. In addifion, fire preparation and app.icafton 
passes may span many hours. Accordingly, fite sorting time of the mix is generafiy 
retarded by me ine.usion of se, reding agen.s .0 provide an acceptable fie.d po, fife. In 
addifion, air-entraining agen, such as alpha-olefin su.fon,e and sodium lauryl su.fate 

are used to aid pumpability of ttie slurry. 

h addition, dte re.afive,y poor adherence and coherence .0 bom unprimed and 
prim ed stee) subsrtates of spra,ab,e flreproofng compositions during and after sorting or 
curing preven. workers from walking on me floor of fire decking sprayed unttl the 
^proofing has se, or cured ,0 adhere and cohere sufficienfly ,0 the subsrta.e. More 
specifically, .he decks cannot be sprayed on unfinished floors and/or roof decks unttl the 
concrete is poured (for floors) 0, fire roofing (insulation, HVAC, etc.) is competed, smce 
to acfivity taking p.ace on me decks can cause to deck .0 flex and fire flreproofng .0 
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fall off. The time necessary to achieve suitable adherence and coherence before walking 
on the deck has been generally longer than 24 hours. 

Also, certain steel substrates are primed with material to which compositions 
containing hydraulic binders do not adhere or cohere well. In such instances, the 
substrate has to be either sandblasted, which is costly and often ineffective, or primed 
again with a tricoat to which the compositions would better adhere and cohere. 

U.S. Patent No. 4,904,503 to Hilton et al. teaches that acceleration of the setting 
time and also the "yield" of the aforedescribed pumped and sprayed fireproofmg mixes is 
obtained by injecting an acidic set accelerating agent such as alum into the slurry prior to 
spraying. The acid agent, prior to causing accelerated set, reacts with basic material such 
as calcium carbonate present in the mix to generate gas such as carbon dioxide. The 
evolved gas expands or foams the slurry which further reduces the density and increases 
the volume of the applied fireproofmg after setting per given weight of dry fireproofmg 
used. Such "chemically foamed", "high yield" spray fireproofmg has been successfully 
commercialized around the world. 

The "yield" or volume of applied fireproofmg per weight of dry mix is an 
important factor in the commercial success of the product. The higher the yield, the more 
coverage an applicator can obtain for a given amount of formulation. Yield is generally 
calculated by methods known in the art as board feet per dry weight of composition. 

U.S. Patent No. 3,963,507 discloses a foaming mortar containing specific ratios of 
water-soluble, low-viscosity cellulose derivatives such as methyl cellulose, ethyl methyl 
cellulose and hydroxyethyl methyl cellulose; high-viscosity cellulose derivatives, and 
polyvinyl alcohol as a foaming accelerator. 
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U.S. Patent No. 4,518,652 discloses a method for producing gypsum wallboard by 
producing a foam comprising polyvinyl alcohol and water, introducing the foam into an 
aqueous cementitious slurry, depositing the slurry between paper cover sheets, and 
allowing the slurry to set. An emulsion of asphalt and wax can be added to the 
cementitious slurry to impart water resistance. 

U.S. Patent No. 4,518,652 forms lightweight gypsum wallboard by incorporating 
pre-generated foams into gypsum slurries followed by setting of the foam-slurry mix. 
The foam is formed by dissolving polyvinyl alcohol in water and placing it into a high 

shear foaming apparatus. 

It would be desirable to produce a pumpable, low density, high yielding sprayable 
fireproofing composition that eliminates or reduces the need for a lightweight aggregate. 

It further would be desirable to produce a low density, high yielding, pumpable, 
sprayable fireproofing composition that can be easily prepared at the site of the 
application without the need for high shear foaming devices and the like, and which upon 
application, results in excellent yields. 

It also would be desirable to produce a pumpable, sprayable fireproofing 
composition that has excellent adherence and coherence to the substrate upon which it is 
being applied, even before the composition completely sets or cures. 

SUMMARY OF THE INVENTION 
The present invention relates to formulations adapted to form foamed and 
unfoamed cementitious compositions, the foamed cementitious composition itself, a 
method of forming a hydraulic binder foam, methods of conveying and applying the 
resulting cementitious compositions to a substrate, and methods of obtaining enhanced 
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adherence and coherence of cementitious compositions .0 a snbstrarc. More specifically, 
in one embodiment of the present invention, a pumpab.e cementitious slurry is formed, 
op.iona.ly the slurry is mixed with a gas such as air, and is then optionally subjected to 
mechanically created turbulence to generate gas bubb.es and create a foam, which 
preferably is stabilized by a foam stabilizmg agent such as po.yviny. alcoho. present in 
the slurry-A substrate adherence and coherence enhancing agent such as a liquid latex 
ma y be added.. The foam or uufoamed composition is men conveyed ,0 a nozzle or other 
suitable dispense point from which it is applied, for example sprayed, preferably 
uniformly, onto a substrate to be coated. Prior to dispeusing, a se, accelerator is 
preferably injected, which causes the foam ,0 gel, which in turn improves the hangability 
of the product on a substrate. The spray material adheres .0 the substrate and hardens .0 
form an iusulative coating on the substrate. The particularly preferred compositions are 
capable of providing a high yield of fireproofing tha, can be applied .0 substrates a, 
typical commercial application rates of about 1 800 boardfeevnour. 

The present invention is also directed to a dry composition comprising a 
hydratable cementitious binder, a mechanical foam stabilizing agent and/or a substrate 
adherence and coherence enhancing agent, and option* a fibrous component, se. 
reader and air enrraining agen,, said composition providing, on .he addition of water, 
and .he optional addition of gas and mechanical turbulence, a settable foam or slurry 
which is capable of spray application .0 a s«ee> structural member and which, after spray 
apphcation, is adherent ,0 me member in .he foamed or slurried s<a.e and after sehing. 
The foam or slurry after sehing, forms a fire and hea. pr„.ecfive adherent coating on me 



member. 
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The substrate adherence and eoherenee enhaneing agent improves the adherence 
of the compositions to the substrate daring and after setting or cnring. Snch adherence is 
created by the bond created between the crystals formed dnring setting or cnring and the 
snbsttate. The snbsttate adherence and coherence enhancing agent also improves the 
coherence of the compositions to the substrate during and after setting or curing. The 
presence of the agent may be particularly advantageous where the compositions are 
applied when ambient temperatures are near or below 0°C. Under such conditions, any 
ice formation on the substrate negatively impacted the ability of the composition to stay 
„ n the snbsttate. This required that either the application be delayed until ambient 
temperatures increased, or artificially increasing the ambient temperature ,0 avoid ice 
formation. With the snbsttate adherence and coherence agent of the present invention, 
,he compositions car, be effectively applied without having to heat me snbsttate above 

o°c. 

imj FFm^rmPTT™ of thf. drawings 

Figure 1 is an electron microscope image of the microstructure of a foam in 
accordance with one embodiment of the present invention where aluminum sulfate is 

injected into the foam; 

Figure 2 is an electron microscope image of the microstructure of a foam in 
accordance with one embodiment of the present invention where aluminum sulfate is no, 

injected into the foam; 

Figure 3 is a schematic representation of apparatus suitable for mixing, foaming 
and conveying the components to a dispense point in accordance witir an embodiment of 
the present invention; and 
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Figure 4 is a. schematic representation of an air-separating and foam flow control 
enclosure in accordance with an embodiment of the present invention. 

DETAILED D ESCRIPTION OF THE INVENTION 

Suitable hydraulic binders useful for the formation of a cementitious slurry in the 
present invention include Portland cement, aluminous cement, pozzolanic cement, gunite, 
calcium sulfate hemi-hydrate (gypsum, both non-hydrated and hydrated Plaster of Paris), 
and mixtures thereof, with gypsum being particularly preferred. Portland cement is 
known to be the binder of choice where resistance to moisture is important or in high 
traffic areas where higher density (e.g., 15-30 pcf, more typically 22-26 pcf) coatings are 
desired. While gypsum can be used in higher density applications, it is usually used for 
light density (about 5-19 pcf, preferably about 10-15 pcf) compositions. Preferably the 
binder is used in an amount of about 10 to about 98% by weight, more preferably about 
90 to about 950/c by weight. Preferably the hydraulic binder is provided in a finely 

divided dry powder form. 

The term "foam" is used herein to mean a group of bubbles separated from one 
another by thin films, the aggregation having a finite static life sufficiently long to allow 
for conveying and spraying of the foam in accordance with the present invention. 

In order to stabilize the foam mechanically formed in accordance with the present 
invention, surfactants, protein compounds, and/or hydrophilic compounds or polymers 
that are soluble, miscible or dispersible in water are suitable. The preferred foam 
stabilizing agent is polyvinyl alcohol, most preferably powdered polyvinyl alcohol. The 
amount of polyvinyl alcohol used as a foam stabilizing agent is preferably in an amount 
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of flom abou, .% to 12% inclusive by mass of water, more preferably abou, 2% .0 10% 
inclusi ve, even more preferab.y about 2% .0 8%, most preferably abon, 2-3% in order ,0 

us ed affeers rbe volume increase of the foamed composition from Are unfoameti a*. 
Preferred po.yvinyl alcohols are partial.y bydroiyaed grades with a degree of hydrolysis 
mo , % in ,he range of 79% .o 90%, preferably abou, 88%, wi,h an esrer va.ua mg KOH/g 
of ,40 and residua, acety, conten, weigh, percen, of 10.7. Examp.es of sunab.e 
po.yviny, a.coh„, are ,be Mowio. grade so.d by Carien,, 4,88 mrough » 40/88, which a, 
20 °C and a, a 5% concentration in water, each have viscosities of 8 Pa.s for 4/88, 9 mPa.s 
for 5/88, .2 mPa.s for 8/88, 55 mPa.s for ,8/88 (which is particularly preferred), 75 
mPa s for 23/88 and ,00 mPas for 40/88; and Ce.anese Ce,vo, 523S and 523 SF. I. is 
m os, preferable ma, me polyviny, alcoho, be used in me fonn of a powder. The powder 
m „s, be comprise* of partiCes sufficient* sma„ ,o ensure ma, the po.yviny, a,cohol 
readily disso.ves in water. Powdered po.yviny, alcoho,s having partiCes averaging from 
8 „ ,„ 400 microns have been found * be suitab.e. Those skilled in tire art can readUy 
determine which commercia,,, avaUab.e po.yviny. a,coho. powders in addition ,o me 

foregoing are suitable. 

Other suitable foam stabilizers include fluoro surfactant such as .hose 
commercial avatiab.e from duPont, including Zony, FS300, which is a general-purpose 
oon-ionic fluoro surfactant flee of organic so.vents, unaffected by hard water or pH, wttit 
a ,arge capacity to we, out These may be used in an amoun, of flom abou, 0.005% ,0 
ab „u, 0.5% inclusive by mass of water. Suitab.e protein compounds inc.ude hydro.yzed 
pro ,ei„ baaed concen,ra,es. Protein compounds may be used in an amoun, of flom abou, 
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2K .0 about 5% inclusive by mass of water. Suitable hydrophUic compounds or 
powers include modified starches, natural carbohydrates such as gums or seaweed 
conoids, semi-synthetic pointers such as the cellulose ethers, hydrogels such as the 
homo- and co-polymer derivatives of acrylic and methacrylic acid, or the polyacrylamide 
polyacrylate co- P olymers, and dispersions such as polyvinyl acetate and styrenated 
acrylics. 

to contrast ,0 the chemically foamed, pumped and sprayed fireproofing described 
i„ the aforementioned U.S. Paten, No. 4,904,503 and presently used in commercial 
practice, the foams of the present invention rue mechanically created. Foam generation 
apparabos such as high shear mixers known in the board-making ar, can be used. 
However, it has been found that such devices arc unnecessary and that the mechanical 
creation of turbulence effective to generate gas bubbles and thereby foam the slurry can 
he earned out in the tubing or hosing convention* used in present pump and spray 
fireproofing applications, which tubing or hosing is also used to convey the resulting 
foam ,o a dispense point such as a nozzle for ultimate spray application to the subsftate. 
The gas, preferably compressed air, preferably is introduced into the hose or tube in 
which the slurry is resident, such as by injection. In one embodiment of the present 
invention, the location of the gas introduction into the hose or tubing is near the dispense 
point, since i, has been found that as the hose or tube length increases after the point of 
gas introduction, the longer i, takes for the foam to roach steady state (defined as capable 
of being dispensed from the hose at a uniform rate without large pulses of gas). I. is 
desirable that steady state be reached, odterwise the foam is ejected from fire dispense 
point as plugs rather than a uniform spray. Pulsed dispense maies 1, difficult to 
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off of the substrate as fas, as i« can be sprayed onto ft. subarate. In addition, locating the 
gas introduction relative* dose .0 fte point of app.ication minimizes the length of hose 
through which the foam needs to be conveyed. 

The density of the foam produced is a function of the rate of flow of the sfurry as 
wel. as the length and diameter of the hose or tubing, as well as fte gas pressure and gas 
vofume (cftn) injected info the foam, and .he residence fime of fhe slurry (and foam) in 
fte hose or tube. Tnose skilled in fhe art can adjust the foregoing pa.ame.ers to achieve 
the desired final den* of the product. For examp.e, one suitable system uses a 50 foot 
hose having a diameter of « inch and air injecfion a, a rate of 26 cfitt a. 70 psi. If the 
hose or residence time of the composition in fte hose is too short, insufficien, foaming 
«B1 occur. If fte hose or residence time of the composition in fte hose is too long, 
st eady-s«a.e wifl no. be realized and the composition wffl form plugs which "spit" from 
fte exit and conno. be readily spray-appfied .0 fte substta.e in a uniform manner as 
me n«oned above. The objective is to provide a hose of sufficient >ength and diameter so 
fta. fte composition en.ering fte hose in a slurried state cat, be foamed wift gas and 
r each sfcadystate prior to fte composition exiting fte hose. Those skilled in fte ar. 
MaM e fte flow tate as wel, as fte length and diameter of fte hose wift fte gas pressure 
and gas vo,ume being injected into the hose to achieve a deshed foam consistency and 
density. It has been found that for a given hose diameter and a given air pressure, shorter 
hoses resu.. in fte foamed product reaching equilibrium or steady-state fas.er than .onger 
,e„gft tubes. For example, the foam reached equilibrium in a 25 foo. hose having a 0.5 
in ch diameter in 30 seconds compared to more titan 300 seconds for a 0.5 inch diameter 
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inch reached cumbrium —el,, whereas >eng*s of ,00 fee, a. a dialer of % 

S„ it able hose or hming lengms include 15 ,o 150 fee,, wim diameters indudmg 
1/r 5,8" %" and, inch. Shorter length hoses allow ft. produC » reach equiUbrium or 
ste ady s«a K fas,er man longer lengrhs. For a given formula, the density of me 
prod uc, was me same regardless of whemer me ,ube was cofied or laid In s,ra,gh, line. 
An advance of .he presen, invention is ma, me fireproofing can be appHed using ,igh,er 
weigh, hoses ,han mose convenfionally used, easing me burden on me applieamr. 

The composes of me presen, inven,ion can inelude a fibrous component Tbe 
fibrous componcn, can be eimer organic or Inorganic. Preferab.y, ,he fibrous componen, 

US Pa, No, 3,7,9,5,3 and 3,839,059, and an inorganic fiber which provmes 
rem*—, preferably s,ee, or glass fiber. Po.ymertc reinforcing fibers such as 
poly propy,ene fibers a,so can be used. Oner suhable component indude sd.ca, 
diat „maccons earth, expanded per,i,e, exfo,ia,ed venrncuiKe, shredded expanded 

eonrbinauons .hereof. The «,«! amour,, of me fibrous componcn, in me composifion ,s 
pr e f erab.y in me range of abou, 0% ,0 abou, 40-, by weigh, A particularly preferred 
eomposiuon comprises abou, 4% «o ,0% by weigh, of high we, buMng ce„u,osic fiber 

about 0 5 % glass fiber being espeeiafiy preferred. Olher opfiona, addifives inc.ude 
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the art, in an amount from about 0.1 to about 5%, chemical air entrainers in an amount of 
from about 0.1 to about 3%; polyvinyl acetate in an amount of from 0 to about 5%; clay 
in an amount of from about 1% to about 5%; gas generants such as calcium carbonate in 
an amount of about 0% to about 5%; and a biocide to inhibit bacterial formation. Where 
possible, the optional components are added in the dry state to the hydraulic binder in 
order to form a slurry precursor or admixture for convenience. 

A substrate adherence and coherence enhancing agent can be added to the 
compositions of the present invention. Advantageously, the preferred substrate 
adherence and coherence enhancing agent is polyvinyl alcohol, which also serves as the 
foam stabilizing agent in the embodiment of the present invention where the addition of 
air and mechanical turbulence is used to foam the compositions. Suitable types and 
amounts of polyvinyl alcohol for use as the substrate adherence and coherence enhancing 
agent are as disclosed above in the context of the foam stabilizing agent. Other substrate 
adherence and coherence enhancing agents include polyethylene glycols; 
poly(vinylacetate); poly(ethylene-vinyl acetate) copolymers; poly(ethylacrylates); 
poly(methacrylic) acid; starches; natural thickeners (e.g., guar gum), and mixtures of the 
foregoing. 

Since the compositions of the present invention are typically transported to the 
application site as dry mixtures and are formed into slurries upon the addition of the 
appropriate amount of water, the preparation and application process may span many 
hours or even days, and thus the setting time of the mix is generally heavily retarded to 
provide an acceptable field "pot life". This retarding contradicts the desired quick setting 
time upon application to the ultimate substrate, and thus a delicate balance of retarding 
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and derating is difficult to achieve. Were the mixture to se, premature*, it would be 
rendered non-pumpable and useless for me intended application. According a retarder 
is preferably used to delay the se, time of the composition to avoid prematute se, 
Suitable retarders ate convention* in the art, and include ntaleic arthydtide, used in an 
amount of 0.1% to 0.75% inclusive by mass of ft. hydraulic binder, sodiunt polyacrylate 
and polyaerylic blend. The preferred retarder is the standard proteineous retarder used in 
.he industry, such as that commercially avail* under the natne Goldhond High 
Strengdt ReUuder. The reader is preferahiy added to the hydraulic binder in the dry 

state for convenience. 

Aceelerators can be added to the cementitious compos.tion in order to decrease 
the se. time upon a steucture. Any se, accelerating agent capable of satisfactorily 
offsetting the retardation of the slurry within the desired time period without deleterious* 
effecting the same or the substrate which is the subject of the application can be used. 
For most commercia! applications, the type and amount of acceptor is that which 
rapidly converts the setting time from about 4 ,0 about 20 hours ,0 about 5 to 15 minutes. 
The amonn. required ,0 provide such a setting time will vary depending upon the 
aece.era.or and the type and amoun. of .Carder and binder. Generaily, an amoun, in the 
range of about 0.1% to 20% by weigh, of dry accelerator based upon ttte weigh, of dry 
fireproofmg is used, wt«h 1-5% being pteferred. Sum* accelerators are those known ,o 
aecelerate the se, of the hydtaulic binder employed. For gypsum based hydraulic binders, 
suitable accelerant inclnde ahtnrinum sulfate, aluminum nitrate, ferric nitrate, ferric 
sulfate, ferric ehioride, ferrous sulfate, potassium sulfate, suHdnc acid, sodium carbonate, 
sodium bicarbonate and acetic acid. Aluminum sulfate is a preferred accelerator. It can 
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be used as a section. Where Portland cetnen, is «he hydraulic binder, conventional se, 
aece.era.ors can be used such as calcium chloride, calcium formate, calcium nitrate, 
calcium nitrite, alkali aluminates, and silicates such as water glass. 

I, has further been found that the introduction of aluminum sulfate into the 
foamed composition can be used to control the suability of the foam by modifying the 
microstntcture of the fornunation, particuMy in compositions comprising polyvinyl 
a,coho. as the foam stabilizing agent and calcium sulfate hemihydrate as the hydraulic 
binder. Specifically, foams that are "more aable" produce finer struts, whiie foams 
that are "less stable" produce coarser structures. The size of the voids or pores formed 
rhus can be critical, and can be controlled by controlling the rate of reaction of the 
carcium sulfate hemihydrate with water to form carcium sulfate dihydrate. Alurmnum 
sulfate can be used to accelerate this reaction, thereby controlling the stability of the 
resulting foam such as by producing foam having a finer microstrucmre. In essence, 
introduction of the a.uminum sulfate into .he foam reacts win, me binder and causes i, .0 
se, ,he.eby "freezing" the microstructure of the foam. Preferably the introduction of 
ahrminun, sulfate is introduced near or a. the nozzle used to spray the foam onto the 
substrate, such as by using a nozzle as disclosed in U.S. Paten, No. 4,904,503, the 
disclosure of which is hereby incorporated by reference. 

The dramatic results achieved in the microsome of the foam upon the addition 
of aluminum su.fate can be seen with reference to Figures 1-2. Figures I and 2 are foams 
prepared under identical conditions except that the foam in Figure 1 was injected win, 
alum a. the spray nozde, whereas the foam of Figure 2 received no alum injection. The 
resulting foam of Figure 1 shows a finer microstructure Aran that of Figure 2. 
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The introduction of se, acceieratot, soch as atom, in a mixture that inCudes a 
foam aahilizer, such as po,yviny, a,coho, and an ah-entraining agent such as alpha oiefin 
donate, a,so causes the foam to «ge,». The consistency of .he foam changes front a 
saving cream" co.is.ency .o a »s«y" mass upon me —on of se, acce>era.„r 
a„ d «. MM. - *e foam. « — enhances Ore ab,,ity of Ute product .0 
(adhere and cohere) remain or «hang» on a suh,ra.e, par,icu,ar,y a s.ee, heam or Ute hke, 

donate enhances the getting. The se. acce.era.or <hus serves .0 hod. ton, the ge,, and 
then to accelerate the setting of Ute hydraulic binder. 

Witt, reference to Figure 3, to form .he cementtttous slurry in accordance with 
th e presen. invention, the hydraulic binder, se, reader, foam stabnizing agen, and/or 
s „hstta,e adherence and coherence enhancing agen,, and water are mixed in a hopper 
m together with optional component such as ute fthrous materia,. A Ughrwe.gh, 
a^gate is no, needed in view of the inherent lightweight provided by ,he foaming. 
Where foaming is no, used, the hghtweigh, aggrega,e can be added. Suttable Ughtweigh, 
negates are we,, known to those sxiUed in ttte att and inch.de expanded or unexpandett 
vermicuhte, perhte, g,ass beads and shredded po,ys<yre„e. The order of addition of the 
various components is no, crttica,. Prefer* the tnixing is carried ou, a, or near the S «e 
of appllcatton, both .o avoid premature sebap of the composttion and ,0 Unti, .he distance 

M and ottter opttona, components, are m,xed in a hopper U2 or odaer sunab.e 
mi x,„g vesse,. W« and foant seizing agen, andlor substta,e adhetence and 
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sluny ,„ a preferred embodiment of the presen. invention, where powdered polyvinyl 
a.eoho. is the foam seizing agent and/or subshate adherens and eoherenee enhancing 

optional eomponents in the dry state. Water is then added to the dry rondure ,0 form a 
pnmpab.e cements slurry. The slnoy thus formed is eonveyed, preferably by 

of .he slnrry shouhf be a, commemiauy feasib.e rates, generaUy abon. 1800 board 
feet/honr. Variab.e speed rotor s«a«or pumps such as the Pu— S-5 are suuab>e for 
this purpose. 

The mos, preferred dry mix formu.a,ion in aeeordanee with the presen, invention 

PV A (Mowio, 18-88 0-2 powder), 1% ce.lulosic fibers, 0.5% glass fibers, 0-2% ca,cium 
carbonate, 0.25% alpha-o,efin su,fona,e, 0,-0.3% retarder, and 0-2% PorUand eemen, 
This formulation, partieuWy with the inciusion of eaieium carbonate, upon the addmon 
of wa ,er me mechamcal formation of foam, and the set acceleration by ahtm addihon a, 
or near the spray no* results in a low density pmduc, (dry density 9.3 pcf) exhibiting 
proved hangabiluy (1-1.5 inches thick on a s«ee. substrate) a. a low cost A smal. 
^oun, of basic substance such as Poruand cemen, can be added to minimize or proven, 
m significan, carbon dioxide generation caused by ,he a,um reacting wim carhona,e. 
The Portland cemen, raises the P H of me mix and inhibits the reaction of the aotdrc 
accelerator with base. The above preferences may vary depending upon me desired final 
density of the product. 
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Gas, preferably air, is introduced, preferably by injection, into the hose with a 
pipe or tube 21 in communication with a compressor 22. Sufficient gas is introduced to 
foam the slurry and to convey the resulting foam towards the nozzle 10. Those skilled in 
.he art will appreciate that this introduction of air to mechanically foam the slurry and 
convey the resulting foam is different from the conventional use of chemical air- 
entraining agents to entrain air in an open system to improve pumpability. Although the 
iutroduction of gas a, a single location is preferred, gas can be introduced a, several 

locations along the hose, if desired. 

In order to further reduce or eliminate pulsing that can occur as the foam is 
sprayed from the hose, the pressure in the hose can be controlled a number of different 
ways. Controlling the pressure in the hose provides a dampening effect ,„ the spraying 
operation. Pressure also can be used to control the rate of spray out of the nozzle 10. In 
addition, the final density of the product can be controlled using pressure. In its simplest 
form, a pressure relief valve or the like cun be incorporated in the hose in order to vent 
gas (air) from the hose ,0 control the pressure in the hose. In another more preferred 
embodiment, an air-separafing and foam flow control enclosure 12 defining an expansive 
volume (relative to the hose) can be placed in line, whereby tire foam in the hose is fed 
into the tale, of the enclosure and is forced ou, an outlet in the enclosure to a further 
,ength of hose leading to the nozzle. The enclosure can have a controlled vent in order ,0 
regulate the pressure therein. The mass flow rate into the enclosure is controlled by tire 
pump pumping the slurry into the hose, and tire mass flow rate out of the enclosure is 
controlled by the pressure in the enclosure. The velocity of the gas used to convey the 
foam in the hose is high, which makes it difficult to effectively spray tire foam. The 
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enclosure 12 allows the gas that is conveying the foam to separate from the foam, and 
allows control of the flow rate of the foam independent of that velocity. 

Turning now to Figure 4, there is shown such an enclosure 12 having an inlet 14 
communicating with the hose conveying the foam and an outlet 16 spaced from the inlet 
12. The foam being conveyed by compressed air in the hose enters the enclosure 12 at 
the inlet 14. As the foam/air mixture enters the enclosure 12, the excess (i.e., conveying) 
air separates from the foam and the foam falls to the bottom of the enclosure 12 where it 
is forced out the outlet 16 by the pressure in the enclosure 12 into a further length of hose 
18 and finally out nozzle 10. An air vent 20 in communication with a valve 22 such as a 
gate valve allows the pressure in the enclosure 12 to be controlled to a desirable level. 
The pressure can be controlled manually or automatically. A pressure gauge 19 displays 
the enclosure 12 pressure. Suitable pressures in the enclosure 12 can be controlled to 
between about 10 and about 65 psi, depending upon the flow rate desired and the exiting 
hose diameter and length. A pressure of about 40 psi. has been found to be particularly 
suitable in one application. This has been found to be sufficient pressure to cause the 
foam to be forced out of the outlet 16 and travel through the hose 18 and be sprayed out 
of nozzle 10 at an acceptable rate. An added advantage is that because the foam is under 
pressure, additional air entrainment occurs since more air is forced into the foam. The 
result is an even lower density product compared to identical formulations sprayed absent 
the enclosure 12. 

Preferably the length of hose from the outlet 16 of the enclosure 12 to the nozzle 
10 is from about 15 to 30 feet. The diameter of the hose 18 should be as small as 
possible in order to provide hose flexibility for ease of application. However, as the 
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diameter decreases, more pressure is needed to convey the foam through the hose, and as 
the pressure increases, the spray tends to exit the nozzle faster, which may be 
undesirable. Diameters of from 1 to 1.5 inches have been found to be suitable, with a 
hose length of about 25 feet being especially preferred in order to ensure that the 
enclosure 12 does not interfere with the applicator. For example, where the applicator is 
operating in a high-rise building, preferably the enclosure 12 is located on the same floor 
as the applicator, whereas the mixing and pumping equipment for mixing and pumping 
the slurry is generally located on the ground floor of the building. 

In the present system, the amount of air that is contained in the product is 
substantially greater than conventional pump and spray fireproofing compositions. In 
general, the amount of air contained in the product of the present invention is at least 
about twice the amount contained in conventional pump and spray fireproofing products, 

and is preferably at least about 4 times that amount. 

EXAMPLES 1-6 

In all cases, all of the materials listed in Table 1 except for water were dry 
blended for 3 minutes to have a uniform mixture. This mixture was then added to a 
standard paddle mixer and the water was added. This combination was mixed for 2 
minutes. The slurry produced was poured into the pump hopper of a rotor/stator type 
pump (Putzmeister S-5). The slurry was then pumped to another location, where air was 
injected into the slurry that was in the hose. This air injection turned the slurry into a 
foam in the 30' of V? foaming hose. 

In Formulas 1 and 2 in Table 1 , the foam entered an air-separating and foam flow 
control enclosure that was pressurized to 37 psi. The foam then was forced out of the 
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enclosure and passed through 25' of 1" hose and a standard spray nozzle. Alum was 
injected into the foam as the foam was passing through the spray nozzle. 

In Formulas 3, 4, 5 and 6, the air-separating and foam flow control enclosure was 
not used. A standard spray nozzle was attached directly to the end of the 30' of %" hose 
in which the foaming was taking place (see the end of the paragraph above). As in cases 
1 and 2, alum was injected into the foam as the foam was passing through the spray 
nozzle. 



Table 1 shows the final density of the products. Formula 6 is a high density 
product containing Portland cement as the primary hydraulic binder. 

TABLE 1 



Materials 


Formula 1 


Formula 2 


Formula 3 


Formula 4 


Formula 5 


Formula 6 


















(pounds) 


(pounds) 


(pounds) 


(pounds) 


(pounds) 


(pounds) 
















Polyvinyl alcohol 


2 


3 


3 


4 


2 


3.3 


Stucco 


94.15 


92.95 


93.85 


91.85 


93.85 


15.9 


Proteinaceous retarder 


0.1 


0.3 


0.3 


0.3 


0.3 


1.4 


Cellulosic fiber 


1 


1 


1 


1 


1 


1.1 


Glass fiber 


0,5 


0.5 


0.5 


0.5 


0.5 


0.5 


Portland cement 


2 


X 


X 


X 


X 


77.8 


Air entrainment 


0.25 


0.25 


0.35 


0.35 


0.35 


X 


(alpha olefin sulfonate) 














calcium carbonate 


X 


2 


1 


2 


2 


X 


Water 


100 


100 


100 


100 


100 


90 
















Foaming air psi 


98 


100 


100 


100 


97 


38 


Foaming air cfm 


37 


37 


48 


42 


60 


27 


slurry rate (pounds/hour) 


960 


1216 


1024 


1024 


1024 


125 


alum addition 


3 


2 


3 


1 


3 


5 
















final density (pcf) 


12.4 


9.9 


9.2 


7.9 


11.4 


22.9 



EXAMPLE 7 

In an example of a pumped and sprayed foam of the invention, suitable for use in 
"shotcrete" applications (sealing the walls of tunnels and mines), the stucco and retarder 

20 



used in Formula 6 of Table 1 is replaced by additional Portland cement. The cellulose 
and glass fiber used in Formula 6 is replaced by conventional steel fiber used in shotcrete 
applications, and the resulting formula is processed as in the foregoing Examples 1-6, 
except that sodium abominate is used as the set accelerator in place of alum. 

EXAMPLE 8 

This example demonstrates the substrate adherence and coherence enhancement 
characteristics of polyvinyl alcohol. PVA was added to a gypsum-based commercial 
fireproofing product (Sample 1). The formulation used is presented in the following 
Table: 





Sample 1 


Sample 1 
with PVA 


Component 


% (wt.) 


% (wt.) 


Expanded polystyrene 


3.93 


3.85 


stucco 


83.78 


82.10 


cellulosic fiber 


4.96 


4.86 


clay 


3.53 


3.46 


fungicide 


0.02 


0.02 


proteinaceous retarder 


i Adj 


Adj 


alpha olefin sulfonate 


0.20 


0.20 


PVA 


0.00 


2.00 


1] calcium carbonate 


3.53 


3.46 



The objective is to determine if adding PVA to compositions increased bond to untreated 
and primed steel plates. Bond was measured using test method ASTM E 736. Two tests 
were run using the above formulation; one for adhesion, the other for cohesion. The 
sample was oven-dried for 3 days. The results are tabulated below. 
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Table: Summary of Data 



Sample 1 (No PVA) 



Sample 1 (with PVA) 



Testl 
Rare Steel (PSfT 



1006.9 



1296.7 



Failure 



Adhesive 



Adhesive 



Test 2 



Primed (psf) 



Failure 



793.2 



1144.6 



Cohesive 



Cohesive 



Adhesive failure occurs when the composition separates from the substrate. 
Cohesive failure occurs when the composition breaks internally. The data show that there 
is a significant increase in adhesive and cohesive strength of the formulation of Sample 1 
with 2% PVA. 
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